Rationale Alcohol use disorder (AUD) has been associated with greater discounting of delayed monetary rewards, but it is unclear whether this association is primarily related to alcohol consumption or is secondary to the presence of psychiatric comorbidities. It is also unclear if steeper rates of discounting are associated with greater AUD severity. Objective We sought to determine whether the presence of comorbid psychiatric disorders affected the relationship between AUD and delay discounting. We also examined whether more severe AUD was associated with greater delay discounting. Methods In this cross-sectional study, 793 adults completed a delay discounting task. Subjects were divided into four groups based on diagnosis: current AUD with psychiatric comorbidities (N = 226), current AUD without psychiatric comorbidities (N = 203), past AUD (N = 69), and healthy controls (N = 295). In those with AUD, we investigated the relationship between delay discounting and alcohol dependence symptom count and recent drinking history. We also compared individuals seeking treatment to non-treatment seeking individuals. Psychiatric comorbidities examined included mood disorders, anxiety disorders, and substance use disorders. Results After adjusting for age, sex, income, and education, individuals with current AUD showed significantly higher rates of delay discounting than healthy controls and individuals with a past diagnosis of AUD. The presence of comorbid psychiatric diagnoses was not associated with steeper discounting. Among those with AUD, there was no evidence for a continuous relationship between delay discounting and AUD severity or alcohol consumption. Finally, non-treatment seekers with AUD had steeper delay discounting than treatment seekers. Conclusions Individuals with AUD show steeper delay discounting than healthy adults, but the effect is small and there is no added effect from comorbid psychopathology or increased AUD severity. This suggests that steeper delay discounting may have a more limited effect on human alcohol use than previously supposed.
Introduction
Evidence from many species and contexts shows that individuals place less value on delayed reinforcers relative to immediate ones (Ainslie 1974; Green et al. 1994; Wilhelm and Mitchell 2009; Woolverton et al. 2007; Wright et al. 2012 ). This process is called delay discounting, and it is considered a form of choice impulsivity (Swann et al. 2002) . Individuals differ in the rate at which they discount delayed outcomes (Shamosh et al. 2008) , and substantial evidence suggests that individuals with alcohol use disorder show steeper rates of delay discounting relative to healthy controls (Bjork et al. 2004; Bobova et al. 2009; MacKillop et al. 2011; MacKillop et al. 2010) . Further, healthy young adults with steeper delay discounting are more likely to achieve binge level of consumption during a 2-h alcohol self-administration session (Gowin et al. 2017) . Consequently, it is theorized that steep discounting of delayed outcomes may contribute to the development and maintenance of problematic alcohol and substance use (Bickel et al. 2012) . For example, an individual with alcohol use disorder may choose the immediate effects of intoxication rather than the delayed benefits associated with moderation or abstinence, such as improved health (Griswold et al. 2018; Smyth et al. 2015) , productivity (Sacks et al. 2012) , and interpersonal relationships (Billings and Moos 1983; Kelly et al. 2000) .
The theory that steep delay discounting underlies problematic alcohol use is well-supported by evidence, yet a number of questions remain. For example, alcohol use disorder is frequently comorbid with other psychiatric disorders, such as anxiety disorders (Grant et al. 2015) , and there is evidence that depression (Yoon et al. 2007) , anxiety (Rounds et al. 2007) , and other substance use disorders (Bickel et al. 1999 ) are also associated with steep delay discounting. Meta-analysis has shown that, relative to healthy adults, substance use disorders also share common neural circuitry abnormalities with anxiety and depression during cognitive control tasks (McTeague et al. 2017) . The regions affected, such as the insula, anterior cingulate, and lateral prefrontal cortex, have also been linked to decision making during delay discounting (Kishinevsky et al. 2012; Wittmann et al. 2007) , suggesting that shared neural processing deficits that affect delay discounting could be common to multiple psychiatric disorders. However, most studies have not assessed the role of these disorders to determine whether steeper delay discounting is specifically related to alcohol use or is due to comorbid disorders. Thus, it remains unclear to what extent differences in delay discounting that have been attributed to problematic alcohol use are actually due to these comorbidities.
There is also some evidence that greater delay discounting is associated with more severe alcohol use problems (Vuchinich and Simpson 1998) . For example, meta-analytic evidence has shown that groups meeting clinical diagnoses for alcohol use disorder show greater disparities with comparison groups relative to heavy drinkers without a diagnosis of an alcohol use disorder (MacKillop et al. 2011) . However, the studies in this analysis had sample sizes that ranged from 9 to 121 with a median of 24 (MacKillop et al. 2011) , so the estimates of effect size are likely imprecise. Further, some studies included in the meta-analysis did not adjust for age, income, and education (Bjork et al. 2004; Field et al. 2007 ), but these factors are likely to contribute to differences in delay discounting behavior (Reimers et al. 2009 ). Additional metaanalytic evidence has shown that individuals with steeper rates of delay discounting have more severe alcohol use disorders and greater consumption, but the effect size of this relationship is small, and there was also evidence of publication bias and some evidence of a small decline in the magnitude of effect size over time (Amlung et al. 2017) . Given these factors, the true effect size remains unknown. Further, it remains unclear whether delay discounting is progressively steeper in individuals with higher levels of alcohol consumption, or whether delay discounting is steeper in those with AUD but fails to increase with greater levels of consumption.
Here, we gathered the largest sample to date of healthy controls, individuals with a past diagnosis of alcohol use disorder, and individuals with a current diagnosis of alcohol use disorder, both with and without comorbid psychopathology, to perform a multi-item, monetary delay discounting task in the laboratory. We examined the hypothesis that individuals with AUD would have steeper rates of delay discounting relative to controls and that individuals with comorbid anxiety, depression, or substance use disorders would have steeper rates of discounting relative to individuals with AUD without comorbidity. These analyses will help clarify whether steeper delay discounting is a specific risk factor for alcoholism or whether it is also associated with the presence of related comorbidities. We also hypothesized that steeper delay discounting would be associated with both greater quantities of alcohol consumption and greater severity of alcohol use disorder. Finally, we aimed to provide a more reliable estimate of the magnitude of the effect size of differences in delay discounting due to association with AUD.
Methods

Participants
Participants (N = 839) were recruited to participate in one of three NIH Institutional Review Board approved screening and evaluation protocols at the National Institutes of Health Clinical Center in Bethesda, MD. The purpose of these protocols is to characterize healthy adults and individuals with alcohol use disorder by collecting a common set of measures for all participants at our institute and to determine eligibility to participate in other studies. The protocol into which the participant was screened depended on which was active and whether the participant was seeking treatment. Exclusion criteria for the screening studies were pregnancy, being less than 18 years of age, being unable to provide informed consent, or being a prisoner. Individuals seeking inpatient treatment for alcohol-related problems were admitted for an approximately 4-week hospitalization and completed assessments during this period. Individuals who were not seeking treatment were enrolled upon arrival for a screening visit in the clinic and completed assessments during that visit or during a follow-up outpatient visit.
Participants were divided into four groups based on alcohol use disorder diagnosis and presence of psychiatric comorbidities. First, healthy controls (N = 295) were not nicotine dependent and did not meet criteria for current or past alcohol use abuse or dependence or other Axis I diagnoses. Second, individuals with past alcohol use disorder (N = 69) met criteria for a past but not current alcohol abuse or dependence. Due to the relatively small size, this group contained individuals with and without comorbid psychopathology, though only seven individuals had any diagnosis (see Table 1 ). A third group contained individuals with current alcohol abuse or dependence but without any comorbid diagnoses (N = 203). The fourth group (N = 226) contained subjects with a current diagnosis of alcohol abuse or dependence and a current comorbid diagnosis of any of the following disorders: depression, anxiety, cannabis abuse or dependence, cocaine abuse or dependence, or nicotine dependence.
Procedures
A monetary delay discounting task was used to measure choice impulsivity (Gowin et al. 2017) . Individuals in treatment typically completed this task 2-3 weeks after admission and were, therefore, not in acute withdrawal. During this task, participants were presented with 66 sets of choices between hypothetical amounts of money. Each set was a choice between a smaller, immediate reward or a larger reward of $100 to be received after a delay (e.g., $80 now or $100 in 14 days). The time delay varied between 0, 7, 14, 20, 25, and 30 days, and the immediate monetary amounts varied between $0, $10, $20, $30, $40, $50, $60, $70, $80, $90, and $100. These rewards and delays were randomly presented (i.e., order of presentation was not dependent on the participant's choices). The degree of discounting was indexed by a constant, k, calculated from a hyperbolic equation developed by Mazur (1987) using MATLAB software. As values of k were not normally distributed, we used the natural log transformed value of k, ln(k), as our primary measure. A higher value of ln(k) indicates a steeper discounting of delayed rewards. Always opting for $100 in the future instead of a lower value now (e.g., $90 now) resulted in a ln(k) value of − 6.03, but it was possible to achieve a lower value of ln(k) by selecting $100 in the future instead of $100 now; we reasoned that such 
Sex ( Italicized entries indicate p < 0.001 a Of these, 29 had past dependence and 40 had past abuse b See BMethods^for a list of diagnoses included c Pairwise comparisons showed that both controls and past AUD were significantly different than both current AUD groups, but controls and past AUD did not differ, and the current AUD groups did not differ d Pairwise comparisons showed that all groups were significantly different from each other except for controls and past AUD individuals e Pairwise comparisons showed that controls were significantly different from the other three groups, and current AUD with comorbidities were significantly different from the other three groups. Past AUD did not differ from current AUD without comorbidity f The FTND is the Fagerström Test for Nicotine Dependence g Pairwise comparisons indicated that all groups were significantly different from each other h The MADRS, or Montgomery Asberg Depression Rating Scale, was used to assess depressive symptoms. For this measure, the number of participants was as follows: control = 244, past AUD = 62, AUD without comorbidity = 184, and AUD with comorbidity = 212 i The STAI-T, or State-Trait Anxiety Inventory-Trait version, was used to assess anxiety symptoms. For this measure, the number of participants were as follows: control = 278, past AUD = 66, AUD without comorbidity = 151, and AUD with comorbidity = 161 a choice was likely due to inattention rather than preference, so participants with a value lower than − 6.03 were given the value of − 6. . In addition, as the hyperbolic function does not always fit an individual's data, the area under the curve was also examined, but the raw values were lost for 58 participants, so only 735 participants could be analyzed using the area under the curve. Analyses were conducted using both the area under the curve and ln(k), but since results were nearly identical, area under the curve analyses are presented in supplemental materials and only ln(k) is reported in the BResults^section. Participants completed a Structured Clinical Interview for DSM-IV-TR Axis I disorders (SCID-IV; (First et al. 2002) . Primary outcomes of interest were diagnoses of current or past alcohol abuse or dependence, current depressive disorders (i.e., dysthymia, major depressive disorder), current anxiety disorders (i.e., panic disorder, agoraphobia, specific phobia, obsessive compulsive disorder, post-traumatic stress disorder, social anxiety disorder, and generalized anxiety disorder), current cannabis abuse and dependence, and current cocaine abuse and dependence. We only included cannabis and cocaine for comorbid substance use disorders because there were too few individuals with diagnoses of any other substance use disorder (e.g., opioid use disorder). Nine participants in the alcohol use disorder with comorbidities group also met criteria for a current opioid use or sedative use disorder, but these additional diagnoses were not considered in the analyses. Some participants did not complete the SCID-IV during their visit and were excluded (N = 24). Healthy controls were excluded if they met criteria for any Axis I diagnosis (N = 14). Participants with a current or lifetime diagnosis of bipolar disorder or a psychotic disorder (N = 6) were also excluded, as there were too few to conduct meaningful analysis. Individuals seeking treatment for alcohol problems were assessed for alcohol dependence, but the abuse section of the SCID-IV was skipped. Thus, analyses of alcohol use disorder severity examined the number of alcohol dependence symptoms endorsed, from zero to seven. Thirty-one participants met criteria for alcohol dependence, but their symptom counts were not recorded, and these individuals were excluded from the analysis of alcohol dependence severity.
The Fagerström Test for Nicotine Dependence (FTND) was used to determine tobacco use (Heatherton et al. 1991) , and a cut-off score of 4 or higher was used as a marker of tobacco dependence and included as a comorbid disorder. Non-smokers were scored as 0 for continuous analyses. Those with scores below 4 but above 0 were included in the analyses as nondependent smokers and categorized into their appropriate group.
Participants completed a demographics questionnaire that included sex, race, age, years of education, and household income. All participants provided sex, race, and age, but a small number of participants chose not to identify their education or income (N = 6). Years of education was divided into five groups: (1) less than 12 years of education and did not graduate high school, (2) completed 12 years education and graduated high school, (3) completed some university (> 12 years, < 16 years) but did not receive a bachelor's degree, (4) graduated university but did not attend graduate school, or (5) completed university and attended graduate school. Household income was split into nine brackets of those whose annual household income was less than $5000, $5999-$9999, $10,000-$19,999, $20,000-$29,999, $30,000-$39,999, $40,000-$49,999, $50,000-$74,999, $75,000-$100,000, and greater than $100,000.
Participants completed the 90-day Timeline Followback (TLFB) interview, a calendar-based method of retrospectively self-reporting daily alcohol consumption (Sobell and Sobell 1992) . The primary variable used from this assessment was the total number of drinks in the past 90 days. We used the US standard drink definition of 14 g of pure alcohol, which roughly equates to a 12 oz beer, a 5 oz glass of wine, or a 1.5 oz shot of a distilled spirit (NIAAA 2004) .
To assess depression as a continuous measure for linear regression analyses, we used the Montgomery Asberg Depression Rating Scale (MADRS; Svanborg and Asberg 1994) , collected as part of the Comprehensive Psychopathological Rating Scale (CPRS; Asberg et al. 1978) . Individuals in treatment completed this questionnaire weekly during the inpatient study, but we used the day 23 measure, as it was closest in time to when they completed the delay discounting task. For participants with missing values for this questionnaire (N = 201), the sample mean was imputed for analysis. Analyses was also conducted by excluding participants with missing values to assess whether imputation altered results.
To assess anxiety as a continuous measure for linear regression analyses, we used the State-Trait Anxiety Inventory (STAI) trait version (y2; Spielberger 1983) . Individuals in treatment completed this measure at baseline. For participants with missing values for this questionnaire (N = 201), the sample mean was imputed for analysis. Analyses were also conducted by excluding participants with missing values.
Analytic approach
To examine whether psychiatric comorbidities were associated with steeper discounting, we employed a one-way analysis of variance (ANOVA) to compare the delay discounting values of the four groups (controls, past AUD, AUD with comorbidity, and AUD without comorbidity). Both ln(k) and area under the curve were examined to ensure that individuals with large values for the root mean square of the error for the hyperbolic function did not bias results. Next, we conducted an analysis of covariance (ANCOVA) to examine potential covariates of group differences. Since the groups differed in terms of age, sex, income, and education (see Table 1 ), these factors were included as covariates in the model. Post hoc comparisons were conducted with Tukey's Honestly Significant Difference test.
To determine whether severity of AUD was associated with steeper discounting, we used three approaches. First, we hypothesized that treatment-seeking individuals with AUD would have more severe problems than non-treatment seekers, and treatment seekers would also show steeper discounting. To confirm that treatment seekers had more severe disorders than non-treatment seekers, we compared alcohol dependence symptom counts between the two groups using a MannWhitney test. We then conducted a t test of both ln(k) values and areas under the curve between these two groups.
Second, we examined an index of AUD severity by conducting an ordinal logistic regression among individuals with a current diagnosis of an alcohol use disorder who had symptom counts for alcohol dependence (N = 381). The dependent variable was number of DSM-IV alcohol dependence symptoms met. Since participants with alcohol abuse were included in the sample, we used a category of 2 or fewer symptoms, and we also had categories for 3, 4, 5, 6, and 7 symptoms. The primary independent variable was delay discounting, indexed by ln(k). Age was included as a covariate. Years of education was included as a categorical variable. Income was included as a categorical variable, but, to conserve degrees of freedom, the number of categories was reduced to three: low (< $30,000), middle ($30,000-$74,999) and high (≥ $75,000). The model also included binary variables for sex, presence of a comorbid substance use diagnosis (i.e., cannabis abuse or dependence or cocaine abuse or dependence, or nicotine dependence as defined by FTND score greater than or equal to 4), and presence of a comorbid anxiety or depression diagnosis.
Third, we examined quantity of alcohol consumption as an index of heavier drinking using linear regression analyses. The total number of drinks from the 90-day Timeline Followback served as the dependent variable. One analysis was conducted separately for a sub-sample restricted to controls, and a second analysis was conducted for a sub-sample restricted to individuals with a current diagnosis of AUD. Number of drinks was natural log transformed since the distribution was significantly positively skewed, and this affected the diagnostics of the linear regression model. Since 58 controls consumed zero drinks, one drink was added to the total drinks prior to the log transformation for controls only. The primary independent variable of interest was delay discounting, with analyses run independently with ln(k) and the area under the curve. Other variables included continuous metrics of anxiety and depression as assessed by the STAI and MADRS, respectively, as well as income, years of education, sex, and age. The model restricted to AUD individuals also included a continuous metric of nicotine dependence severity as assessed by the FTND, and a binary variable indicating the presence of a comorbid substance use diagnosis (i.e., cannabis abuse or dependence or cocaine abuse or dependence). The model restricted to AUD individuals was also conducted with a binary variable for comorbid anxiety or depression diagnosis since a large portion of the sample was missing MADRS and STAI measurements.
All statistical analyses were conducted using SPSS version 25 (IBM Corporation), except the ordinal regression, which was conducted with R, version 3.5.1.
Results
Group characteristics and differences
The control group was younger, had a larger percentage of females, and had higher income and education levels relative to both current AUD groups (all p < 0.05, see Table 1 ). The past AUD group was intermediate between controls and current AUD groups on each of these measures except education, where they had the same median education level as controls. The current AUD group with psychiatric comorbidity contained a larger percentage of individuals seeking treatment relative to the current AUD group without comorbidity (p < 0.05, Table 1 ). The current AUD group with comorbidities had a higher median number of dependence symptoms (median = 7, IQR = 2) than the current AUD group without comorbidities (median = 5, IQR = 3), and the distributions were significantly different between groups (U 381 = 24,468.0, p < 0.001). Treatment seekers (median = 7, IQR = 1) reported significantly more symptoms of dependence than non-treatment seekers (median = 4, IQR = 3), and this difference was significant (U 381 = 30,828.0, p < 0.001).
Diagnostic group and delay discounting
A one-way ANOVA revealed a main effect of diagnostic group on delay discounting as indexed by both ln(k) (F(3, 789) = 27.16, p < 0.001, partial η 2 = 0.094; Fig. 1 ). Healthy controls had significantly lower values of ln(k) relative to both current AUD groups (p < 0.001 for both tests). However, individuals with past AUD did not differ significantly from healthy controls (p = 0.505), and the two current AUD groups did not differ from each other (p = 0.983). The effect size between healthy controls and AUD with and without comorbidities was approximately the same (compared to AUD with comorbidities: Cohen's d = 0.65; compared to AUD without comorbidity: Cohen's d = 0.67).
After adjusting for age, sex, income, and education using ANCOVA, there remained a main effect of diagnostic group (F(7,781) = 4.46, p = 0.004, partial η 2 = 0.017), but the variance explained by group was reduced. Age was not significant, but sex (p = 0.001, partial η 2 = 0.013), education (p < 0.001, partial η 2 = 0.043), and income (p < 0.001, partial η 2 = 0.027) were all significant. Education and income explained more of the variance of delay discounting behavior than diagnostic group. Pairwise comparisons showed that healthy controls had significantly lower levels of delay discounting relative to individuals with AUD without comorbidities (p = 0.005), but the difference with AUD with comorbidities was reduced to trend level (p = 0.083). Healthy controls did not differ from individuals with past AUD (p = 0.826). No other pairwise comparisons reached significance. When comparing marginal means, effect size between healthy controls and AUD individuals was reduced (compared to AUD without comorbidity: Cohen's d = 0.32; compared to AUD with comorbidity: Cohen's d = 0.24).
Treatment-seeking status and delay discounting
Non-treatment-seeking individuals with AUD showed steeper delay discounting as indexed by ln(k) (M = − 3.15, SD = 1.55) relative to treatment-seeking individuals (M = − 3.56, SD = 1.42), and this effect was significant (t 412 = −2.79, p = 0.006, Cohen's d = 0.27, Fig. 2 ).
Alcohol use disorder severity and delay discounting
An ordinal regression analysis was conducted among individuals with a current diagnosis of AUD, and severity was indexed by the DSM-IVAlcohol Dependence symptom count ( Table 2 ). The model indicated that ln(k) was not a significant predictor of AUD severity (odds ratio = 0.91, 95% CI = 0.79-1.04, p = 0.169). Similarly, sex, income, and education were not significant predictors of AUD severity (all p > 0.05). Older age was associated with greater AUD severity (odds ratio = 1.03, 95% CI = 1.02-1.05, p < 0.001). Presence of a second Fig. 1 a The mean of the delay discounting metric, ln(k), for the control group (mean = − 4.38, SD = 1.47), individuals who with past alcohol use disorder (Past AUD, mean = − 4.24, SD = 1.47), individuals who with current alcohol use disorder but no comorbidity (AUD-CM, mean = − 3.41, SD = 1.44), and individuals with current alcohol use disorder and comorbidities (AUD + CM, mean = − 3.41, SD = 1.52). Error bars represent standard deviations. After adjusting for sex, age, and socioeconomic status, the pairwise comparison between controls and AUD-CM was significant, but no other pairwise comparisons were significant. b The subjective value of $100 after each of the five delays by group. The markers represent the mean of the group, and the error bars represent one standard deviation. Each individual's subjective value was determined by the indifference point, the value at which they would equally prefer $100 after the delay or the smaller, immediate amount. The number of participants depicted in b is less than in the final sample because the raw data for decisions was lost for some current and past AUD participants, although the summary data (k) for these participants was preserved. *p < 0.05 substance use disorder (odds ratio = 2.49, 95% CI = 1.64-3.80, p < 0.001) and presence of an anxiety or depressive disorder (odds ratio = 2.78, 95%CI = 1.75-4.47, p < 0.001) were both associated with more severe AUD.
Recent drinking and delay discounting
After examining group differences and the influence of discounting on AUD severity, we examined the influence of delay discounting on recent drinking history after adjusting for additional variables. A linear regression analysis conducted among only individuals with a current diagnosis of AUD (N = 429) explained 15.7% of the variance of total drinks (Table 3) . Male sex, less education, higher nicotine dependence severity, and higher anxiety score were significantly associated with a greater number of drinks (all p < 0.05). Delay discounting was not associated with alcohol consumption (b = 0.02, 95% confidence interval − 0.03, 0.07, t = 0.74, p = 0.459, Supplemental Fig. 1 ) and did not explain any of the variance in total drinks (ΔR 2 = 0.00%). However, 117 individuals were missing an anxiety score, and 33 were missing a depression score. Seven individuals were missing both scores, so a total of 143 individuals had incomplete data. When the model was conducted by excluding participants with missing values for the continuous measures of depression and anxiety, resulting in a sample of 287 AUD individuals, the model produced consistent results (i.e., no variables became significant or lost significance).
A linear regression model conducted in healthy controls (N = 243) explained 20.6% of the variance of number of drinks (Table 3) . However, 17 individuals were missing an anxiety score, and 51 were missing a depression score. Sixteen individuals were missing both scores, so a total of 52 individuals had incomplete data. When the model was conducted by excluding participants with missing values rather than imputing the mean, the model remained significant and no variables changed significance status. After adjusting for covariates, delay discounting was not associated with alcohol consumption (b = 0.07, 95% confidence interval − 0.06, 0.19, t = 0.99, p = 0.322, Supplemental Fig. 1 ). Delay discounting accounted for a negligible proportion of the variance in total drinks (ΔR 2 = 0.01%). Younger age and greater education were significantly associated with a greater number of drinks (p < 0.001), but no other variables reached significance. Fig. 2 Individuals with alcohol use disorder who were seeking treatment showed significantly lower rate delay discounting relative to individuals with alcohol use disorder who were not seeking treatment. This evidence opposed our hypothesis that individuals with a more severe disorder would show greater discounting. Markers represent the mean, and the error bars represent one standard error. *p < 0.05 
Discussion
Our results suggest that steep rates of delay discounting among individuals with AUD are not attributable to comorbid psychopathology but are due to AUD itself. Although steep delay discounting is associated with pathologic alcohol use, the effect size when controlling for covariates (d = 0.32) was smaller than the magnitude (d = 0.50) reported by a comprehensive meta-analysis of clinical samples of alcohol users (MacKillop et al. 2011) . Surprisingly, among individuals with AUD, increased discounting of delayed rewards was not associated with higher levels of alcohol consumption or more severe alcohol use disorder. This study did not find that individuals with AUD and psychiatric comorbidity showed steeper delay discounting than individuals with AUD alone. The lack of an additive effect supports recent studies showing that alcohol abusers with and without comorbid nicotine or cocaine dependence showed similar levels of discounting (Moody et al. 2016b) and individuals with substance use disorder without comorbidity did not significantly differ from individuals with a use disorder with comorbid depression or antisocial personality disorder (Moody et al. 2016a) . It may also be consistent with evidence that users of different substances show similar rates of delay discounting (Gowin et al. 2018) . Another study showed that delay discounting is associated with nicotine dependence, but there was no additional effect of stimulant, opioid, or marijuana use (Amlung and MacKillop 2014) . Thus, the aggregate of evidence suggests that having a substance use disorder is associated with greater levels of delay discounting, but once that increase is accounted for, there is no additive effect of additional psychopathology.
This study provided conflicting evidence regarding recent drinking, severity of AUD, and delay discounting. First, individuals with past AUD showed lower rates of delay discounting relative to individuals with current AUD, and past AUD individuals did not differ from controls. This corroborates a previous study that showed that former smokers discounted monetary rewards at similar rates compared with controls and that both groups discounted delayed rewards less than current smokers (Bickel et al. 1999) . By itself, such evidence could suggest a link between degree of substance use pathology and rate of delay discounting, where a greater burden of disorder would be associated with heightened discounting. However, the similar rates of discounting among controls and individuals with past AUD could be due to their similar levels of income and education, which explained more of the variance in discounting that AUD group. Without accounting for these variables, diagnostic group accounted for nearly 9% of the variance in discounting rate, but when accounting for them, diagnostic group only explained about 2% of the variance in delay discounting. It is also possible that the similar rates of discounting between individuals with a past AUD and healthy adults represent survivorship bias, where more cognitively intact individuals with AUD may be better able to maintain goals and sobriety. This executive function could be the same skillset that allows occasional drinkers to resist declines into AUD in the first place.
The relationship between severity of AUD and delay discounting was assessed as a continuous relationship. Using regression analyses, we found no relationship between delay discounting and quantity of consumption or severity of AUD. The scatter plots in Supplemental Fig. 1 show substantial heterogeneity in rates of discounting across the spectrum of recent drinking, with no trend for increased discounting among individuals who consumed more alcohol. The evidence from this study therefore suggests a ceiling effect; delay discounting was associated with the presence of AUD but did not continue to increase with greater levels of AUD severity.
To further explore whether severity of AUD was associated with discounting, we compared treatment seekers to nontreatment seekers. Treatment-seeking individuals endorsed more alcohol dependence symptoms than non-treatment seeking individuals, and we hypothesized that this would translate into steeper discounting. Instead, non-treatment seekers showed steeper discounting. This could be because the individuals in treatment did not complete the delay discounting task until they had been treated for 3 weeks, whereas the nontreatment seekers completed the task on their first day. Treatment seekers may have exhibited steeper discounting if assessed upon admission, when some of them were experiencing withdrawal, since withdrawal has been shown to exacerbate discounting rates in some (Giordano et al. 2002) , but not all (Miglin et al. 2017) , studies. The differences between treatment and non-treatment seekers could also be due to factors that were not assessed. For example, a common reason that individuals avoid treatment is because they deny having a problem (Grant 1997) , and this mindset may coincide with steeper delay discounting.
A major limitation of the current study was our recruitment strategy, as the sample was derived from both community volunteers and treatment-seeking patients with alcohol problems instead of a homogenous population. This recruitment strategy may also have affected the observed relationship between alcohol use and delay discounting. The AUD sample was older, less educated, less wealthy, and had a greater percentage of males relative to the healthy controls, and these demographic differences could affect decision-making regarding subjective value of money across delays. Our analyses controlled for these variables, mitigating some concern, but do not preclude the possibility that demographic differences affected our results.
Another potential limitation is our assessment of delay discounting. Our task employed hypothetical money that is likely less salient than real money. Further, we only tested one monetary value, $100, and a relatively short delay of 30 days. However, hypothetical discounting tasks have shown a strong relationship with discounting of real rewards (Lagorio and Madden 2005) , and behavior on one hypothetical task tends to be correlated with behavior on other tasks (Odum 2011) . Another limitation is that we did not assess all types of psychopathology, so our findings may not generalize, for example, to individuals with alcohol use disorder and comorbid bipolar disorder.
This study represents the largest sample to date comparing individuals with alcohol use disorder and controls using a multi-item choice task of delay discounting. It thereby allowed for well-powered analyses, finding that alcohol use disorder was associated with delay discounting regardless of the presence of comorbid diagnoses. Nonetheless, the effect size is small. In those with AUD, our findings did not support a continuous association between delay discounting and alcohol consumption or AUD severity, which contradicted our hypothesis. Instead, there was little evidence of an additive influence of additional psychopathology or AUD severity on delay discounting behavior. Thus, although these results support delay discounting as a specific risk factor for alcoholism, they suggest a more limited and circumscribed effect and challenge theories that place steeper delay discounting as a central feature of alcoholism.
